
July 31, 1962 E. LAIMINS 3,046,782 
STRAIN GAGE TRANSDUCER CIRCUIT 

Filed April 28], 1959 2 Sheets-Sheet 1 

AMPLIFIER 

_ E, 

F‘ G. 2 PRIOR ART 

(94,90; 640) 

TRANSDUCER RESPONSE EO/E‘J 
DUE TO A LOAD P 

REGOR DER 

Fl G_| PRIOR ART 

AR 
A1 

(w; M) 

(OCR: 

FIG. 

Z 

TEMFH 

5 
INVENTOR . 

ERIC LAIMINS 

STRAIN GAGE RESISTANCE R 

TRANSDUCER RESPONSE EJ5 
DUE TO LOAD P 



3,046,782 July 31, 1962 E. LAIMINS 
STRAIN GAGE TRANSDUCER CIRCUIT 

2 Sheets-Sheet 2 Filed April 28, 1959 

a 0404 10 w hZDIm OP M30. 
.w \ou mmzoamwm mwusomzl‘mh 

FIG.8 
A 

INVENTOR 

ERIC LAIMINS 

El 



Uite States 3,ll4?,782 
Patented July 31, 1962 

1 

3,046,782 
STRAIN GAGE TRANSDUQER CECUET 

Eric Laimins, Cambridge, Mass, assignor to Baldwin 
Lima-Hamilton Corporation, a corporation of Pennsyl 
Vania 

Filed Apr. 28, 1959, Ser. No. 809,395 
3 Claims. (Cl. 73-141) 

The present invention relates to the resistance strain 
gage transducer ?eld in which broadly an electrical strain 
gage, of the resistance type, Whether bonded or unbonded, 
is employed to sense the elastic response of a transducer 
element resulting from a condition to be measured. While 
the following disclosure will deal speci?cally with load 
transducers for the sake of simplicity, it will be seen that 
my invention applies equally well to transducers of other 
types such as those used for measuring ?uid pressure, 
acceleration, torque, etc. 

It has been common in use of such transducers to em 
ploy an electrical method of calibration known as “shunt” 
calibration in which a relatively high resistance shunt is 
applied across two adjacent terminals of the transducer 
bridge network to simulate the response of the transducer 
to a pre-determined stimulus resulting from the condi— ' 
tion to be measured. In the prior art, resistance strain 
gages made of a material such as Constantan have been 
employed in conjunction with the shunt calibration method 
with good results. Constantan has the property, when 
used as a resistance strain gage, that its strain sensitivity 
(gage factor) and its electrical resistance are both sub 
stantially independent of temperature. 

Certain strain-sensitive alloys which are commercially 
available exhibit strain sensitivities appreciably greater 
than that of Constantan (for example, a Tungsten 
Platinum alloy commercially available has a gage factor 
approximately double that of Constantan) and therefore 
are of great interest as a possible means to increase the 
over-all sensitivity of transducers, something very much 
to be desired. On the other hand, such highly sensitive 
alloys as are known ‘and commercially available invariably 
exhibit substantial positive temperature coefficients of 
resistance and substantial negative temperature coe?j 
cients of gage factor. If transducers are gaged with strain 
gages made of such materials, experience shows—and it 
may easily be demonstrated mathematically-that the ap 
plication of the Well-known shunt calibration method leads 
to serious errors when the operating temperature of the 
transducer is signi?cantly varied, assuming conventional 
gaging and circuitry are used. Since the prior art has not 
had a practical straight-forward solution to this problem 
the advantageous sensitivities of certain strain-sensitive 
alloys have not been made use of. 

It is an object of my present invention to provide means 
for taking advantage of the higher sensitivity of certain 
strain-sensitive alloys in transducer design while at the 
same time making the response of the transducer both to 
a conventional shunt calibration and to a pre-determined 
stimulus of the condition to be measured substantially 
independent of the operating temperature of the trans 
ducer. 
FIG. 1 represent a conventional shunt calibration sys 

tem for purposes of explanation of prior art; 
FIG. 2 represents the application of shunt calibration 

to simple transducers of prior art; 
FIGS. 3 through 6 are diagrams used in explaining the‘ 

problems connected with application of shunt calibration 
to transducers in the general cases; FIG. 3 showing typical 
strain gage circuits versus temperature for a positive co 
e?icient material; FIG. 4 showing characteristics of trans 
ducer response versus temperature due to the modulus 
coe?icient of the transducer material acting alone; FIG. 
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5 showing the transducer response versus temperature due 
to a negative temperature coe?icient strain gage factor 
acting alone; and FIG. 6 showing how the transducer re 
sponse due to load shunt can be manipulated in accord 
ance with the present disclosure; 
FIG. 7 is a schematic circuit diagram embodying the 

principles of my present invention in a preferred form; 
FIG. 7A illustrates a force-responsive transducer corre 

sponding to FIG. 7; _ 
FIG. 8 is an equivalent circuit to FIG. 7 for purposes 

of simplifying calculations; 
FIG. 9 is a modi?cation of the embodiment shown in 

FIG. 7 in which the temperature responsive means com 
prises two separate elements; and 

FIG. 10 is an equivalent circuit diagram to FIG. 9 for 
purposes of simplifying calculations. 

Meaning and Use of Shunt Calibration 

For purposes of explanation, assume that FIG. 1 rep 
resents a resistance strain gage bridge, each arm of which 
has a resistance R, and assume the outer terminals of the 
bridge are supplied from a voltage source E1. Assume. 
also that the bridge is provided with a shunt, S, which: 
may be connected across one arm at will by operation of 
key 1, so that closing key 1 produces a change of open? 
circuit output signal E0. In normal operation, the output 
of such a resistance bridge circuit is ‘connected to an 
ampli?er 2 by closing key 3, and from thence to a re 
corder 4, shown schematically as a strip-chart recorder 
with the chart seen through window 5. 
Now, one of the very common problems encountered 

in operating equipment such as that shown schematically 
in FIG. 1 is that the overall sensitivity of the system to a 
given imposed condition such as a change in resistance of 
strain gage 6 due to imposition of a pre-determined mag 
nitude of strain will, for various reasons, change some-. 
what from time to time, making it imperative that the 
user of the equipment have at his disposal some simple. 
and convenient method of calibrating his entire electrical 
system at any time. The cause of such change is made 
up of such factors as variation in bridge power voltage‘ 
E1; variation in gain of ampli?er 2, resulting from chang 
ing line voltage, temperature, etc.; variation in sensitivity 
of recorder for similar reasons. 
Now it may be seen that by shunting gage 6 by shunt S, 

using key 1, one can conveniently produce at any time 
an output signal E0, which will correspond to the output 
voltage'which would result from a predetermined change 
in resistance of one of the bridge arms, such as 6. Since 
the resulting output signal E0 automatically re?ects the 
magnitude of E1 at the instant of calibration, it may be 
seen that by pressing key 1 and observing on the record 
the corresponding de?ection C5, the operator has com 
pletely determined the relationship of a given de?ection 
CS on his record and the above-mentioned predetermined 
resistance change, due to strain. In other Words, he has 
“calibrated” his electrical system so that from this point 
on he can readily interpret his record directly in terms of 

' strain, without having to know or determine the value of 
60 

70 

E1, the gain in the ampli?er, the sensitivity of the recorder,‘ 
or any other variables that might in?uence the calibration,‘ 
such ‘as change of dimension of the recording paper as. 
the result of humidity. 

Because of its convenience and simplicity, this shunt 
calibration technique is very widely used in the ?eld of 
electrical strain gages. The reliability of this extremely 
simple arrangement of FIG. 1 is, however, dependent 
upon two conditions which are easily met by certain oom 
mercially available resistance strain gages. These are: 

(1) Strain gages or resistances making up the arms of 
the bridge must ‘have such low temperature coef?oients 
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of resistance that resistances R can be assumed con 
stant, regardless-of temperature; and 

(2) The strain sensitivity or “gage factor” of a strain 
gage such’ as 6 (i.e., its change of resistance resulting 
from a pre-determined applied? strain) must be substanj 

’ tially independent of temperature change. 

Fortunately, for most strain- measuring work, where in 
accuracies of 1/2 to 1% are acceptable, there are commer- ‘ 

' ciallynava'ilable' strain gages which satisfy these require 
ments adequately, Such strain gages are normally made 
of Oonstantan alloy as the strain sensitive ?lament. ' 

Application of Shunt Calibration to Transducers- 
' ' ' Simplest Case ' 

Taking as an example for purposes of explanation a 
very simple resistance strain gage transducer such as the 
force-measuring dynamometer, of Ruge Patent , No. 
2,561,318, where electrical resistance strain gages such as 
16, 17, 18, 19 are connected into a bridge circuit in order 
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20 
to measureforce'acting on the dynamometer, one soon ' 
?nds that the shunt method of calibration runs into a 
number of complications when results of accuracy 
are required in the face ofvchanging temperature. In 
the simplest case, we may assume that the above-men 
tioned strain gage-requirements have been adequately met; 
i.e., the resistance and strain sensitivity :of the gages'thecm 
selves may be assumed independent of temperatures. A 
serious complication (for precise measurement) still arises 
out of the fact that the material from which dynamometer 
element 3 is made will, in general, vary in its'el-astic're 
spouse to force as a result of variation in temperature. 
That is to ‘say, for most metals suitable for such applica 

the Young’s Modulus will decrease withrincreasing tem 
perature by approximately v2% per 100° F. ‘change,v which 
is typical for instance of tool steels. vThe result of this 
complication is that under ‘the conditions assumed inthis 
paragraph the'r'es'ponse of the strain gage circuit associ 

_ rated” with the ‘sensing element will increase ‘as the tem 
perature'increases, and-the eliect is su?iciently large that 
it cannot be ignored Where ‘accurate results are to be 
obtained ‘over a substantial range of operating tempera 
ture such‘ as is frequently met in ?eld testing of rockets _ 

' and many other force-measuring problems. 
For this ‘simple case,- there is a well-knownand ade 

quate solution to the shunt calibration problem. This is 
illustrated ‘schematically in FIG. 2 where again we have 
a bridge circuit, at least one arm of which, 7', is a resist 
ance strain gage responsive to elastic de?ection of the 

I ti‘lansducer-due to the condition to be measured, such ‘as a 
loader force. Temperature-sensitive resistance elements 
1‘, are‘ approximately symmetrically interposed between 
the power terminals vof the bridge and the power input 
voltage 1E1. These temperature-sensing elements are 
preferably made up of 'a material such as nickel which is 
highly responsive in its resistance change to temperature 
and they are physically disposed so that they sense the 
temperature‘of the elastic transducer element; If resistors 

‘ .tion the elastic property known as Young’s Modulus will 7' 
varywith temperature; for most metals, in common use, 
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T are chosen properly,’ it may be seen that .onecan'oifset . 
the chest of the Young’s Modulus change since, with 

, rising temperature, the resistors T will reduce the voltage 
actually appearing across the power ‘terminals, ‘of the 
bridge, thus counteracting the elfect of the Young’s 
Meaams change. It may be shown, and is indeed well 

. known, thatthe application of ashunt S across terminals 
8, 9 of the circuit of FIG. 2, by closing key 10, will under 
the assumed'conditions produce a calibration of the elec 
trical system, which is in all respects as free of temperature 
error as was the'case of the circuit of FIG. 1. For litera 
ture regarding above refer to “Strain GagegReadings—g 
‘vol. 1, No. 4, pages 7-14 including “Calibration of Strain. 
Gage Transducers With Modulus Compensating Resis 
tors,” byiPete'r Stein. 

, V 4 . I 

Application to Transducers—General Case’ 

My present invention is concerned with'the application 
of “shunt” calibration to the ‘general case in which some . 
or all of the simplifying assumptions made in the fore‘ 
‘going discussions are not valid, either because ofthe 
employment of unconventionalmateiials in the strain» 
gages or because'the vaccuracyrequirements ‘are such that 
the usual simplifying assumptions associated with con 
ventional materials are not permissible. !In this general 
case, one encounters three complications which have not‘ ' ' 
heretofore been 'dealt with in the strain gage and trans 
duc'er are and which my present invention provides the 
means for dealing with so that all the simplicity and con-. 7 
venience of the shunt calibration method maybe re 
tained Without loss of accuracy even ‘though the’ trans-1 . 
ducer is operated over a Wide range of temperature. In. 
the preferred embodiment of my invention, I deliberately, 
employ ‘a pre-determined amount of strain-sensitive ma 
terial, the resistance of which changes appreciably with 
temperature and. the strain sensitivity of which also 
changes appreciably with temperature. In this preferred’ ‘ 
arrangement of my invention, I am able to very signi? 
cantly increase the sensitivityof a given u-ansducer design 
and still ‘retain all the advantages'of precise shun-tJcalibra. 
tion despite variation in operating temperature. My in 
vention will be more readily understood by those skilled 
in theart with the help of 'a detailed explanation of'the 
factors involved. The explanation is quite complex 'be 
cause three variables are present simultaneously as Tune? 
=tions of temperature, leading to rather lengthy mathe 
matical expressions. However, notwithstanding such 
complications I have been able to express the principles 

- of my invention with sufficient relative simplicity as-sh'own 
in FIG. 7 so that the’ principles may be used’ e?fe'ctively 
and expeditiously in production manufacture, "as is demon 
strated by the experience of building large numbers of ' 
transducers with extremely’ good results. Furthermore, 
so far as the ultimate user of the transducer is concerned, 
reference to FIG. 7 will show that the ‘user is able still to _ ‘I 
employ successfully his desired shunt calibration'method 
precisely the same as that discussed in connection with the 
extremely simple case exempli?edbyFIG. l. 
The three simultaneous variables referred to in the 

paragraph'above are: 7 . 

(l) The ‘resistance of'agi'ven strain gage element may 
vary appreciably with temperature; 

‘ (2) The strain sensitivity (igag'e'facto'r') 'of'a given stnain 
gage element may- vary appreciably with ‘temperature; 
and ' 

('3) The elastic modulus of the transducer material may 7 
vary appreciably with temperature. 

In ‘a general case treated herein below, these three :vari-" 
ables exist simultaneously. 'I-‘heir-eliects are ‘?rst consid 
ered individually, ‘then in combination, then a preferred 
embodiment of the present invention is described and 
analyzed mathematically to demonstrate the. validity of 
the principle involved and to illustrate how they may be - 
applied; Finally, numerical results‘of. an actual practical 
example are given to show the degree of accuracy of shunt 
calibration that can be. obtained by application of the 
principles of my invention in actual production shop’ 
operation. - 

_ As armatter of convenience, the response of .a trans 
ducer network to a given stimulus is normally expressed, 
in terms of the ratio of the open-circuit output voltage 
to the input voltage. 
ducer of FIG. 2 the response to a load P is expressed as 
Eo/El, the result being often expressed in terms of volts 
per volt or sometimes millivolts per volt, meaningvolts 
or millivolts output per volt input for a’ given load P. 
Similarly, for the application of a shunt S, the response 
isragain expressed as E0/E1. 'Itmay readily be seen that 
for practical laboratory and ?eld measurement applica 
tions, it is essential that Eo/El for a given force P must . 

For example, in the load' trans-, 
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be- substantially independent of temperature; otherwise, 
all other things being equal, the scale of the record would 
always be varying with the temperature of the trans 
ducer which would be most annoying to the record an 
alyst as he compares one record with another and as 
he compiles data from a large number of records taken 
under different temperature conditions. This being so, it 
is also essential that Eo/El produced by a given shunt S, 
must be substantially independent of temperature. Since 
any compromisewith either or both of these conditions, 
leads either to serious errors or to completely unaccep 
table complications for the record analyst, the simple 
fact of the matter is that these two conditions must be 
met, with the result'that if temperature alone varies 
the scale of the record will be always the same and the 
shunt calibration method retains the simplicity of the 
system described in connection with FIG. 1. 

Effect of Temperature on Strain Gage Resistance Due to 
Temperature Coe?‘icient of Resistance Alone 

FIG. 3 illustrates a typical relationship between the 
resistance of a strain gage element, R, and the tempera 
ture, 1‘, all other factors assumed constant. Shown here 
is the important case to be dealt with in this disclosure, 
namely, the strain gage resistance increasing vwith in 
creasing temperature. The temperature coef?cient of 
resistance of the strain gage is de?ned as aR which is 
de?ned to be the ratio of a change in resistance AR to 
a corresponding small change in temperature At. For 
the materials we are concerned with here the coef?cient 
up, may be considered a constant; that is, a substantially 
linear relationship exists between gage resistance and 
temperature. 
E?ect of Temperature on Transducer Response Due to 

Temperature Coe?icient of Young’s Modulus Alone 
FIG. 4 shows how the temperature coei?cient of 

Young’s modulus of a transducer material such as tool 
steel, causes the transducer response to increase with in 
creasing temperature, all other factors assumed constant. 
For the purposes of the ‘following analysis this response 
coe?icient is designated as ,8 and in the case of a load 
transducer is de?ned as the ratio of the change in load 
response to a small corresponding temperature change. 
For all practical purposes in transducer design, B is a 
constant and for many materials such as tool steel it can 
be taken as approximately l+/2% per 100° F. tempera 
ture change. 

E?ect of Temperature on Transducer Response Due to 
Temperature Coefficient of the Gage Factor Alone 
FIG. 5 shows how the transducer response varies with 

temperature in the case of a strain gage having a nega 
tive temperature coe?icient of its gage factor, all other 
factors assumed constant (i.e., uR=0;?=O).> This is 
characteristic of particular types of strain sensitive ma 
terial employed in a preferred embodiment of my present 
invention. The coe?icient 'y for a load transducer (where 
aR-=0;?=0) is‘de?ned to be the ratio of the change in 
the load response due to change in gage factor alone to 
a small corresponding change of temperature, and for 
all practical purposes 7 may be regarded as constant 
over the normal temperature range of transducers. 

E?ect of Temperature on. Transducer Response Due to 
a, B, and A Acting Simultaneously ' ’ 

Now we consider What happens when we combine 
the conditions of FIGS. 3, 4, and 5 in an actual trans 
ducer of the ‘general case. We can suppose, for example, 
that FIG. 1 represents a bridge circuit made up of strain 
gages having the characteristics shown in FIGS. 3 and 
5 and assume that the transducer elastic material has 
the characteristics shown in FIG. 4. In such a case, we 
can readily see that the transducer response to shunt and 
load as function'of temperature may be represented by 
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6 
the two curves of FIG. 6. The transducer response due 
to shunt is seen to be a rising characteristic with in 
creasing temperature and it is, of course, a simple linear 
function of up, since as R increases with temperature 
the e?ect of the shunt in unbalancing the bridge becomes 
correspondingly greater. The transducer response due to 
load is shown as a drooping characteristic under the 
condition 'y greater than ,8 which is a necessary condition 
for the preferred embodiment of my invention shown 
in FIG. 7. Now the requirements as set forth in the 
beginning of this general case discussion are that both of 
these response curves must be horizontal lines; in other 
words, the responses due to shunt and load must be: 
constant in the face of temperature variation. 

FIG. 7 illustrates schematically a preferred embodi 
ment of my present invention in which I provide the 
means to correct the condition illustrated in FIG. 6 in 
a relatively simple and effective manner. Brie?y, in one 
or more arms of the transducer bridge circuit, I employ 
two series-connected strain gages, RA, RB, one of the 
grids RA having characteristics as shown in FIGS. 3 
and ,5; namely, a positive aA and a negative 'yA; further 
more, having the characteristic that 'y is greater than )8 
of FIG. 4. The other strain gage grid RB is preferably 
made of a strain-sensitive material such‘that its 0:3 and 
7]; coe?icients can be considered to be zero, although 
this is not a necessary condition for the application of 
my invention in this preferred embodiment. Grids RA 
and RB are preferably subject to the same transducer 
strain, or at least both are subject to strains having the 
same algebraic sign in the'preferred embodiment.. 

I have discovered that I can ?nd a ratio RA to RB and 
a value of temperature-sensing element T, such that the 
transducer responses due to both shunt and load will be‘ 
substantially independent of temperature variations. For 
purposes of circuit analysis, it is very convenient to con 
vert the circuit in FIG. 7 into the equivalent circuit of 
FIG. 8 in which ' 

As in all previous discussion, the quantity E0 is the open 
circuit output voltage resulting from application from 
shunt S by closing key 11 or from application of a load 
to the transducer. An analysis of this simpli?ed equiva 
lent circuit of FIG. 8 for response to shunt S leads to 
the following result: ' 

In this equation, two quantities, R and T, both are func 
tions of temperature. The equation,‘ of course, represents 
the response’ of the network to the application of the 
shunt S and in order to make this ‘response independent 
of temperature, it is necessary to satisfy the condition 
that a derivation E0/E1 with respect to temperature shall 
vanish. That is: ‘ ' 

E1 E1 dT E dR Equation 2 

If this operation is carried and we substitute the follow 
mg: 

£1d—q,1=aT-T0 Equation? 

% =aR-Ro Equation 4 
where our and an are thetemperature coe?icients of re 
sistance of T and R, respectively, and where To and 
R0 are the initial resistances of T and R at some base 
temperature from which a change is to be made, a straight~ 

Equation 1 



g "y coe?icients can be considered zero. 
resents the response of’ the network to the application 

- of shunt S, only strain gage grid RA and‘resistor T are 
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forward mathematical operation results in the following 
equation: 

Equation 5 

T? 
For reasons of simplicity, assume strain gage grid‘ RB 
made of a strain sensitive material, such that‘its 'c: and 

Since Eq. 1 rep 10 

both functions of temperature and, whose derivatives _ 
with respect to temperature will be other than zero. 7 Con-V 
sequently, considering temperature effect on response of 
the network to application of shunt S, only grid R5 has I 
to be considered and in equivalent circuit of FIG. 8 now 
functionally: 

Equations 1 and 5 can be rewritten now as follows: 7 

Equation la 

_ 2R, To Equation 5a 

Expressed in words, the‘ result of=Equation 5a is that 
for a given our and “A there is an explicit relationship 
between To and RA which-will render. the shunt response 
of the circuit-substantially independentof temperature. 
This result (Equation 5a) of the mathematical opera. 

" tion on Equation 2'involves only the simplifying as 
sumption that S is large relative to R’ and T, which , 
in practice it always is, S being normally over 100 times 
RA and RAibeing over 10 times T0.‘ The ?rst condition 
is thus met. ' ' 

Now in order to meet the secondcondition, namely, 7 
that the response of the transducer ‘circuit to lo'adrshall 
be substantially independent ofv temperature, we refer to 
FIG. 7 and make the simplifying assumption that RB 
is a strain gage element having its temperature coe?icient 
of resistance (1B and its temperature coe?icient of gage 
factor 73, both negligibly small. 
is not a necessary condition to the, application of _my 
principles but in practice‘ gages are‘ available which satisfy 
this condition closely and therefore simplify the analytical 
work considerably.) Such' gages ‘are commonly made 
of Constantan alloy; Considering the effect of tempera‘ 
ture on the'transducer response resulting from" the action ' 
of elements RB alone we :see that element's R5; tend’ to 
offset the drooping characteristic of the‘ load response‘ 
curve illustrated in FIG. 6‘ since RB exhibits the condi4 
tion ?>>7 (see FIG. 4’) and therefore gives a rising 
characteristic. Thus, it may be seen that there exists 
a unique ratio of RA to RB such that the load response 
curve as function of temperature will be a horizontal 
line; i.e.,- it will be constant. f ' v v 

The rate of change of the transducer load response‘ 
Withrespect to temperature may be calculated by con? 
s'idering separately the temperature-induced eifect of RA 
‘and RB alone, then the effect of T, ?nally adding the 
two. For the purposes of the calculation involved here 
we can ignore-the relatively small change in RA due to 
its temperature coe?icient of resistance 11A‘ since the 
ratio of RA to RA+RB is very little affected by this small 
change in RA and for practical. purposes may be .con 
side'red constant. 

(As stated before, this 
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Load response, T held constant: 

Trim “Rims “ Eq‘m“ 6' 

Load response, T alone varies: 

‘in, 

Superposition of 6 and 7 equated’ to zero'for required 
condition: ' ' , 

RA 0 

Rearranging Equation 8: ‘ 

With VT held constant it is seen. from the Equation?! 
above that the rate of change of-the load response with 
respect'to-temperature is simply the co'e?icientp of-the 

transducer material as contributed by-RB to theoarm' R A-l-RB plus a proportional part of the gage factor CQ‘. .. 

.7 e?icient ‘7A representing the contribution of RA to'tl'ie ' 
entire arm RAH-RB. When‘T alone .varies due to tem 
perature it is readily seen from'Equation 7 that‘ the rate . V. 
of change of the load response with respectl‘to tempera; 
ture will be negativeibecause as_T increases the voltagev ' 

' across the bridge input terminals decreases with increas 
ing temperature. The etfect expressed-by Equation 7 
will be simply‘ arrived at by'lmathematically. ‘considering 
the eiiectof a change in resistor T equal to :11- 1T0 --di upon 
the response‘ to load Eo/El of FIG. 7. . ' 7 

Equation 8 combines these twoiseparate elfects and’ 
equates the total to zero in order to‘ meet'the required: 
‘condition that the response'to load'must not’ vary with 
temperature. The ?nal Equation 9 gives the relationshipv 
among RA, RB, and T to satisfy the‘ condition that the 

‘ responseof the transducer vcircuit to load’ shall’ be sub 
, stantially independent ofltemperature. The left side'of 
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Equation 9 shows the load response as function‘ of the 
temperature coe?icients .?t-a‘n'cl 7A of .RA and‘ R3 re‘ 
spectively while“ the right side‘ illustfatedthe compensatl 
ing function of, resistor ‘ i 

The above mathematical analysis'iis given merely for 
purposes of explanation and illustration and by no‘ means 
limits the scope and usefulness of my present invention. 
It should be'understood ‘that various changes in the‘cir 
cuit details can be made 'and that these changes-may’ " 
involve different mathematical results and that such 
changes and modi?cations may easily be made by one‘ 
skilled in. the art once the basic principles of my‘ invené 
tion are understood. ' Y ‘ 

As a practical example based upon actual experience 
in the use of the principles illustrated in FIG. 7 and the 
foregoing discussion in solving a problem involving over 
50 load transducers which had to meet the above-stated 
requirements for shunt calibration, I employed as gage 
element RA (FIG. 7) a bonded-wire strain gage of com 
mercially available platinum-tungsten alloy. Gages RB 
were made of the widely-employed alloy Constantan and 
were also of the bonded~wire type. Experimental-values 

Equation 7 

Equation 8 

To, whose "game has also to‘ - satisfyEquation "5a. ' I ' v 
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of certain physical properties of these two strain gage 
materials, when bonded, to steel, are listed below: 

Platinum-tungsten alloy wire (RA): 
:r_.g=l25><10-6 ohms per ohm per degree F. (See 

FIG. 3.) 
7A‘=—-0.35'% per 100° F. (See FIG. 5.) 

Constantan wire (RB): 

73:0 
These are approximations but close enough for practical 

purposes of this application. 
The value of B for the tool steel used in making the load 

transducers was approximately 2.00% per 100° F. 
The nickel wire used in resistor T had a temperature 

coe?icient ‘of resistivity d'I\'=3720X1O_6 ohms per ohm 
per degree F. 

It was required to use bridge arms '(RA-l-RB) equal to 
350 ohms. RA was made 200 ohms and RB was made 
150 ohms. 
As a result of thus applying the principles of my inven 

tion’I was able to make the response of the transducer 
circuit to both shunt and load constant within less than 
approximately 1/30 of 1% for a temperature change of 
100° F. In return for this effort, I was able to obtain ‘a 
50% increase in the load response of these transducers 
as compared with the load response that would have been 
obtained had I employed only strain gages of the con 
ventional Constantan type and a more simple gage circuit . 
arrangement such as that illustrated in FIG. 2. 
From these results, it will be seen that by employing a 

strain sensitive material such as the Tungsten-Platinum 
alloy referred to above, I can take advantage of its higher 
gage factor as compared to that of Constantan and thus 
obtain a signi?cantly greater output from a given trans 
ducer design without in any way imparing its safety factor. 
There are many strain sensitive alloys which have favor 
able properties for use in an application ‘of my invention. 
There are, for example, a large number of platinum alloys 
besides the. tungsten family, such as -a material known as 
Elinvar which is useable in my invention, and there are 
doubtless many other alloys which exhibit gage factors 
much higher than that of Constantan and which satisfy 
the other requirements of my application. 

Application of “Split” Temperature Sensing Resistor “T” 

A further object of my invention is to provide means 
whereby the conditions given in Equations 9 and 5a may 
be satis?ed in case the value of a temperature-sensing 
resistor To as given by Equation 5a will not sui?ce to 
meet the condition of Equation 9. This may be the case 
where the resistance ratio of RA to RE is ?xed for one 
or another reason in the design of a transducer. Inspec 
tion of Equation So will show that as a result of de 
creasing the resistance RA in a bridge arm RA-l-RB, the 
required value of temperature resistor To will also de 
crease. Inspecting Equation 9, it will be found that for 
a smaller resistance portion RA in a bridge arm R A+RB, 
the required value of To will increase, since the tempera 
ture coe?‘icient of gage factor 'yA is negative (see FIG. 5). 

I have discovered that for a given ratio RA to R3, by 
splitting the resistor To in the network between the power 
terminals and the power input voltage E, I can find a 
ratio of temperature sensing resistors T1 to T2, such that 
the transducer response due to both shunt and load will 
be substantially independent of temperature variation. 
FIG. 9 illustrates this preferred arrangement. 

Inspection of the bridge network of FIG. 9 will show 
that by splitting the resistor T of the network shown in 
FIG. 7 we have not changed its function on the load re 
sponse with change of temperature. That is, the rate of 
change of the load response with respect to temperature 
will be negative and of the same magnitude as if T1 and 
T2 were lumped into one single resistor T=T1+ T2. 

'10 

25 

45 

55 

60 

65 

70 

75 

10.. 
Consequently, Equation 7 can now be rewritten as’ fol 
lows : 

£2 
a: _ dt (RA'i‘RB'i‘Trl-T2)2 _ 

Equation 1 O 

and accordingly Equation 9 will be rewritten as follows: 

Again, the Equation 11 gives the relationship between 
RA, RB and (T1+T2) to satisfy the condition that the 
response of the transducer circuit to load shall be sub 
stantially independent of temperature. ' - 
Now in order to meet the other condition that the 

response of the transducer circuit to applied shunt S shall 
be substantially independent of temperature, for purposes 4 
of circuit analysis we refer ‘to the equivalent circuit of 
FIG. 9 as shown in FIG. 10 in which ‘ 

RA+RB= 
' 2 

Again, the quantity E0 is the open-circuit output voltage 
resulting from application of shunt S by closing key 11 
with a supply voltage E. An analysis of this simpli?ed 
equivalent circuit of FIG. 10 for response to shunt S 
leads to the following result: 

Equation 12 

In Equation 12, three quantities R1, T1 and T2, all are 
functions of temperature. In order to make the response 

E0 
E1 

R 

due to shunt independent of temperature, it is necessary 
to satisfy the condition that the derivative of Eu/El with 
respect to temperature shall vanish. That is: 

da an an) a» 
._§E_@.QT_1+_€1.@+_E_L‘E_0 dt “'bT, d: M’, d: 01% dt " 

Equation 13 

Carrying out the operation and substituting'the follow 
ing: ‘ 

-‘%1l=aT-T1 , Equation 14 

%=aT-T2 Equation 15 

I%E==aR-RO ‘ ' Equation 16 

we arrive at the following equation: 7 

R 
"g (2T1—T2)+(T1—T2)' . 

gg_ . 

“R 2 T 
“T §(2T1+4T2+2S)+2(TI+T2)+ZQR—£Z 

Equation 17 
Making the practical simplifying assumption that S is 

large relative to R and T1 and T2, we can rewrite Equa 
tion 17 as follows: 

“R T], -- T; 

R l 

Equation 18 
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For reasons of simplicity one may omit thequantity 

T12+T1T2 
R 

from Equation 18 since in practice thisquantity is over 
100 times smaller than (Tl-T2) and over 1,000 times 
smaller than 2R. Then Equation 18 may be expressed 
as follows; 

' 5g: 'T1—T2 

7 our 27R +:2'(T1+T2) 
orrearranging: . 

g __ ' T1"~T2 ; 

a ‘‘ 2<mT>V—R+T1+T2 Equation 19 
Referring to Equation 10, it was shown that theload 

response with temperature of network in FIG. 9 is af- ' 
fected by the sum of resistors T1 and T2 independent of 
the ratio'of ‘T1 to ‘T2. Now, let T==T1+T2 be a value 
vdeter-mined from Equation ll for a given resistance ratio 
RA to‘Rg to satisfy the conditionthat the load response 
shall be independent of temperature. The Equation 19 
can be rewritten as follows: . 

. T1—-T2=g:‘—R(R+T) Equation 20 
. T V . 

.‘Applying the same reasoning as used in arriving at 
Equation 5a, Equation 20 will ‘be as follows: ' 7 

T1— TZ=V2.-ZL’(R-A+ T) Equation 21 
T 

Expressed in words, the result of Equation 21 is that for 
a given T(=T1+T2) and given coefficients ocA and car, 
there is an explicit relationship between T1--T2 and RA 

9fsubst‘antially independent of temperature. Consequent 
1y; vEquations 11 and 21 will determine the total of the’ 
temperature-sensing resistance T required as well as the 
ratio in which this resistance will have to be split in the 
network for a'given resistance ratio RA to RB in order 
that the transducer response due to both shunt and load 
will be substantiallyindependent of temperature variation. 
With further reference to FIG; 9, I have found that I 

can make ?nal adjustments to the responses of the trans 
' ducer after it is built and substantially completed by mak 
ing small variations in the relative values of T1 and T2. 
In this way I can precisely correct for such small variations 
in characteristics of the gages andtransducer which nor 
mally'occur in practice. For ordinary accuracy require 
ments I ?nd such ‘?nal “trimming“ unnecessary, but for 
,cases calling for extreme ‘accuracy over a Wide tempera 
ture range I employ this technique. 

It» will, of'course, be understood that various changes 
in details of construction and arrangement of parts may be 
made by those skilled in the art without departing from 
the spirit of the invention as set ‘forth in the appended 

, claims. . 

I claim: 
1.“ Acondition responsive transducer in which the re 

sponse to a condition torbe measured is, produced by the 
action of a force, a force actuated’ elastic transducer ele~ 
ment whose elastic modulus decreases with an increase 
in temperature, a ?rst 'st-rain' sensitive ?lament having 
‘a positive coefticientof electrical resistance and a~nega 
tive coe?‘icient of- gage factor, a second strain sensitive ?la 

which, will render the shunt response of the circuit in FIG. \ _ 

ment electrically connected to said ?rst ?lament so as to, 
, for-m a‘single two-terminal strain gage, a- bridge network.‘ 
including a Wheatstone bridge circuit and having two’ 
power input terminals and’ two output terminals, a source 

. of power connected across said two power inputterminals, ' 
' means responsive to the output of said network connected 

25 

50 

60; 

across said output terminals, said two-terminal gage com'-" 
prising one arm of said Wheatstone bridge circuit, the elec- > 
trical resistances of said ?rst andsecondi?lamen't's varying, . ' 
in accordance with strain applied thereto and being so , 
proportioned to each other that said two-terminal strain 
gage has predetermined positive temperature coe?icient of 
resistance and a predetermined negative temperature co- ’ 
e?icient of gage factor, said ?rst and second ?laments be 
ing connected to said elastic transducer element so as to 
be responsive to strains thereof resulting from said condi-i 
tion to be measured and 'both being Subject'to strain of‘ 
the same algebraic sign and to substantially the same tem- j ' 
perature as said elastic transducer element, an electrical 
shunt resistance which is larger than the resistance of said. 
two-terminal strain gage and'which is connectible across 
one output terminal and one input terminal so as to Shunt 
across the lowest'resistance path through said two-terminal > 
gage to produce a network output signal corresponding to 
a given condition, temperature responsive means included. 
within said network and connected in series with and ex; 
ternal of said Wheatstone bridge circuit and said power. 
input terminals and being so located as to be subjectcto. 
substantially the same temperature as said elastic trans‘ 

' ducer element, said predetermined temperature coe?icients i 
and the magnitude of ‘resistance of said temperature re 
sponsive means being so related that acting together the ' 
response of said bridge to the‘output of Said' networkin 
response to a given condition is substantially independent 
of temperature and so that the output of said network due 
to connecting'said shunt resistance is substantially inde- , 
pendent of temperature. 

~ 2. The combination set forth in claim 1 further'char? 
acterized in-that'the temperatureresponsive means corn 
prises a temperature sensitive resistance element connected ’ 
to the input terminal remote from said, two-terminal gage 
and said shunt resistor is conne'ctible dire'ctl'y'a'cross the 
terminals of said two-terminal gage; " ' ‘ . 

'3. The combination set forth‘inclaimil ‘further char. 
, acteri'zed in that said temperature responsive means com 
prises a ?rst and a second temperature sensitive resistance 
element, said ?rst element being connected ‘to the input‘ 
terminal remote from said’ tWo-terminal'gage and the 
second element being connected .tothe remaining input 
terminal,‘ and said shunt resistance is connectible in par- j _ 
allel with said second-temperature responsive element and , 
said two-terminal gage taken in series. 7 a 
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